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INTRODUCTION 

Strong  evidence  has  emerged  linking  maximal  microvessel  density  with  poor  prognosis  and 
metastasis  in  breast  and  other  types  of  cancer.  Neovessels  which  are  counted  in  quantitation  of 
maximal  microvessel  density  are  most  often  in  the  stroma  of  the  tumor  and  form  “hot  spots”  of  high 
density.  If  blood  vessel  density  determinations  are  not  done  by  quantitation  of  micro  vessel  density 
in  hot  spots,  the  correlation  between  prognosis  and  microvessel  density  is  lost  [reviewed  in  (1)]. 
Since  the  blood  vessel  density  only  in  the  area  of  the  hot  spot  is  a  determinant  of  outcome,  a 
functional  significance  for  the  microenvironment  of  the  hot  spot  in  the  process  of  metastasis  is 
suggested. 

Metastasis  is  a  multistep  process  involving  invasion  of  the  tumor  through  basement 
membrane,  intravasation  into  blood  or  lymphatic  vessels,  attachment  to  endothelium  at  distant  sites, 
extravasation,  and  growth  of  metastatic  cells  (2).  We  believe  that  microvascular  hot  spots  are  the 
sites  of  intravasation  of  tumor  cells  and  that  the  acquisition  of  the  ability  to  generate  hot  spots  of 
high  microvessel  density  increases  the  tumor’s  ability  to  disseminate  throughout  the  body.  The  ac¬ 
quisition  of  the  ability  to  generate  “hotter  spots”  may  result  from  clonal  variation  which  arises  within 
the  tumor.  This  line  of  reasoning  implies  that  unknown  factors  which  are  not  expressed  elsewhere 
in  the  tumor  are  responsible  for  the  development  of  the  hot  spot  and  that  gene  expression  in  the  area 
of  the  hot  spot  is  an  important  determinant  of  a  tumor’s  ability  to  intravasate.  We  hypothesize  that 
gene  expression  in  the  area  of  the  hot  spot  is  different  from  elsewhere  in  the  tumor  and  that  genes 
expressed  in  the  microenvironment  of  the  hot  spot  are  important  in  the  process  of  intravasation  as 
well  as  in  the  formation  of  the  hot  spot.  This  proposal  has  the  purpose  of  identifying  known  or 
unknown  genes  which  are  differentially  expressed  in  the  area  of  the  tumor  adjacent  to  the  area  of 
maximal  microvessel  density.  Once  such  genes  are  identified,  their  specific  function  in  the  process 
of  tumor  cell  dissemination  can  be  determined  and  therapies  which  address  this  process  can  be 
developed. 

We  have  developed  an  experimental  tumor  system  which  utilizes  FGF-1  transfected  MCF-7 
cells.  These  cells  are  metastatic  to  lymph  nodes  and  lungs  and  express  bacterial  lacZ,  enabling  their 
colorimetric  detection  (3-5).  Tumors  formed  by  the  transfectants  exhibit  hot  spots  of 
microvasculature;  preliminary  results  with  separate  experiments  using  this  tumor  system  correlate 
maximal  microvessel  density  with  tumor  size  (not  shown)  and  tumor  size  with  the  degree  of 
metastasis  [(4,6,7)  and  this  report].  Thus,  it  is  likely  that  maximal  micro  vessel  density  and  degree 
of  metastasis  can  be  positively  correlated  within  a  single  experiment.  We  proposed  to  utilize  this 
system  to  examine  multiple  tumors,  determine  the  “hottest”  spot  of  microvessel  density  in  each 
tumor  and  accurately  correlate  that  microvessel  density  with  the  degree  of  metastasis  detected  in 


5 


McLeskey,  Sandra  W. 
D  AMD  1 7-94- J4 1 73 


lymph  nodes  and  lungs.  These  determinations  will  accurately  identify  specific  areas  of  each  tumor 
which  express  high  levels  of  transcripts  of  genes  involved  in  the  development  of  the  hot  spot.  We 
will  microdissect  these  areas  of  the  tumor  and  compare  their  gene  expression  with  areas  of  the  tumor 
not  involved  in  hot  spot  generation  using  amplified  fragment  length  polymorphism  (AFLP).  This 
scheme  and  other  controls  incorporated  into  the  proposed  AFLP  protocol  ensures  that  the  differences 
between  the  mRNA  populations  compared  are  maximal  and  that  the  project  will  identify  transcripts 
differentially  expressed  in  the  area  of  the  hot  spot  and  not  elsewhere  in  the  tumor.  We  will  verify 
candidate  transcripts’  differential  expression  in  tumor  areas  adjacent  to  hot  spots  utilizing  dot  blots 
and  library  probes  made  from  the  microdissected  tissue,  followed  by  in  situ  hybridization.  Only  can¬ 
didate  transcripts  which  exhibit  selective  expression  in  tumor  microenvironments  associated  with 
hot  spots  and  not  elsewhere  in  the  tumor  will  be  pursued  to  obtain  a  full-length  cDNA.  Experiments 
would  follow  which  examine  function  of  differentially  expressed  genes  in  the  development  of  hot 
spots  or  dissemination  of  tumor  cells.  Thus,  this  proposal  would  be  the  beginning  of  a  mechanistic 
investigation  into  one  of  the  steps  of  metastasis  —  formation  of  micro  vessel  hot  spots  and  tumor  cell 
intravasation.  Elucidation  of  the  mechanism  for  this  step  could  provide  knowledge  which  would 
target  therapeutic  interventions  toward  preventing  it. 
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BODY 

Aim  1.  We  will  identify  critical  microenvironments  in  the  tumors  produced  by  FGF-1 
transfected  MCF-7  cells  in  nude  mice  by  sensitively  and  accurately  correlating  the  degree  of 
metastasis  in  lungs  and  lymph  nodes  with  maximal  microvessel  density  in  the  hottest  spot  in 
each  tumor. 

Cell  lines.  ML-20  cells,  which  have  been  previously  described  (3,4),  are  a  clonal  line  of 
wild-type  MCF-7  cells  transfected  with  an  expression  vector  containing  the  cDNA  for  bacterial  lacZ. 
We  find  their  in  vivo  behavior  to  be  indistinguishable  from  wild-type  MCF-7  cells.  Clone  18  cells 
are  a  clonal  line  of  ML-20  cells  transfected  with  an  expression  vector  encoding  FGF-1 .  Clone  1 8 
cells  exhibit  estrogen-independent  and  tamoxifen-resistant  growth  in  ovariectomized  nude  mice  and 
form  very  large  tumors  when  mice  are  treated  with  estrogen  (5).  In  contrast  to  the  parental  ML-20 
cells  or  wild-type  MCF-7  cells,  these  tumors  are  reliably  metastatic  to  lymph  nodes  and  lungs.  By 
virtue  of  the  lacZ  transfection,  micrometastases  can  be  sensitively  detected  in  distant  organs.  Clone 
18  cells  were  used  for  tumor  production  (below)  for  this  project. 

Tumor  production,  harvest,  and  processing.  Ten  million  Clone  18  cells/0.2  ml  were 
injected  into  the  mammary  fat  pads  of  30  ovariectomized  nude  mice  at  one  site  (right  inguinal 
mammary  fat  pad)  as  previously  described  (3-5).  Mice  were  treated  with  60-day  sustained  release 
pellets  containing  17P-estradiol  (0.72  mg,  Innovative  Research,  Sarasota,  FL).  Tumors  were  mea¬ 
sured  in  three  directions  biweekly.  Tumors  were  harvested  with  adjacent  stroma  by  cutting  through 
the  skin  and  peritoneum  in  a  circular  incision  circumscribing  the  tumor,  weighed,  and  immediately 
frozen  in  embedding  medium  (Tissue-Tek  OCT,  Sakura,  Torrence,  CA)  by  immersion  in  liquid 
nitrogen.  Embedded  tumors  were  stored  at  -70°  prior  to  sectioning. 

Concurrently  with  tumor  harvesting,  lungs  of  all  animals  were  harvested  and  subjected  to  X- 
gal  staining  as  previously  described  (3,4).  Harvested,  stained  lungs  were  used  to  quantify  metastases, 
below. 


Detection  and  quantification  of  pulmonary  metastases:  Following  harvesting  and  brief 
fixation  in  2%  formaldehyde/0.02%  glutaraldehyde  in  phosphate  buffered  saline,  lungs  were 
incubated  overnight  with  X-gal  staining  solution  at  4°  (4),  followed  by  48  hours  fixation  in  10% 
buffered  formalin.  Lungs  were  examined  with  a  dissecting  microscope  (Olympus  AH-2)  with 
attached  videocamera.  Images  of  representative  areas  of  lungs  were  acquired  and  blue-staining 
micrometastases  quantified  using  the  Optimas  image  analysis  software.  Areas  of  lung  examined 
were  also  quantified  using  a  standard  grid  and  the  Optimas  software,  and  micrometastases/unit  area 


7 


McLeskey,  Sandra  W. 
DAMD 1 7-94- J4 1 73 


was  calculated.  As  has  previously  been  shown 
with  FGF-4  transfected  MCF-7  cells  (4,6)  as 
well  as  the  Clone  18  cells  (7),  density  of 
micrometastases  in  this  experiment  correlated 
with  tumor  weight  (Figure  1). 

Topographical  analysis  of  tumors: 

Before  freezing,  tumors  were  cut  into 
approximately  3-4  mm  thick  slices  as  depicted 
in  Figure  2.  Each  slice  was  named  as  to  its 
location  in  the  tumor  and  embedded  in  a 
separate  cassette.  This  scheme  enables  us  to 
identify  the  location  of  particular  slices  in  the 
original  tumor.  In  that  way,  topographical 
locations  of  particular  microvessel  “hot  spots” 
can  be  localized. 

Immunohistochemistry  for  PECAM- 

1.  Immunohistochemistry  for  murine  PECAM- 
1  was  accomplished  using  the  rat  monoclonal 
antibody  Mec  13.3  (8)  [Pharmingen  (01 95 ID)].  Following  brief  fixation  in  70%  ethanol, 
endogenous  peroxidases  were  quenched  in  0.3%  H202  in  methanol  for  30  minutes.  Blocking 
solution  (2%  normal  rabbit  serum,  5%  bovine  serum  albumin  (Sigma  #A7888)  in  PBS  was  applied 
for  1  hour.  Primary  rat  anti-murine  PEC  AM- 1  antibody  was  applied  for  2  hours  at  room  temperature 
in  blocking  solution  at  a  concentration  of  5  pg/ml.  After  PBS  washes,  secondary  rabbit  anti  rat 
antibody  coupled  to  biotin  (Vector  #BA4001)  was  applied  for  1  hour.  Slides  were  washed  three 
times  in  PBS  and  ABC  reagent  coupled  to  peroxidase  (Vector  Elite  kit  #PK6001)  was  applied  for 
one  hour.  Following  three  PBS  washes,  slides  were  incubated  with  0.05%  diaminobenzidine  and 
0.01%  H202  for  15  minutes.  Slides  were  then  briefly  counterstained  with  Harris  acidified 
hematoxylin,  washed,  dehydrated  in  graded  alcohols  and  coverslipped  from  xylenes  (9). 

Vessel  quantification  and  identification  of  hot  spots:  Frozen  slices  were  sectioned  serially 
onto  uncoated  slides  and  representative  slides  from  each  slice  were  immunostained  with  the  antibody 
to  PECAM-1  for  microvessel  hot  spot  quantification.  Since  coverslipped  slides  cannot  be  subjected 
to  microdissection,  the  slides  selected  for  this  staining  were  from  widely  spaced  areas  (about  every 
0.25  mm)  of  the  tumor.  Unstained  intervening  sections  were  preserved  at  -70°.  Areas  of  high 
micro  vessel  density  were  identified  in  the  stained  slides  under  low  power  and  quantified  at  100X 


Dependence  of  Metastasis  on  Tumor  Weight 


Figure  1.  Density  of  pulmonary  micrometastases 
correlates  with  tumor  weight.  Linear  regression 
performed  on  a  logarithmic  transformation  of  density  of 
micrometastases  vs  tumor  weight  showed  the  regression 
line  to  be  highly  significant  (p<0.001) 
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magnification  by  use  of  a  Chalkley  graticule 
(10)  (Graticules  Limited,  Tonbridge  Kent, 

U.K.).  This  instrument  inserts  into  the  eyepiece 
of  the  microscope  and  produces  a  field  divided 
into  quartiles  with  randomly  placed  dots  in  each 
quartile.  The  operator  places  one  of  the  dots 
over  one  of  the  features  of  interest  (in  this  case, 
a  microvessel)  and  counts  the  number  of  other 
dots  which  are  also  positioned  over  the  features 
of  interest  in  that  field.  The  number  of  dots 
coinciding  with  features  of  interest 
(microvessels)  is  the  “Chalkley  score”.  There 
are  a  total  of  25  dots  in  the  whole  field,  so  the 
lowest  possible  score  is  1  and  the  highest 
possible  score  is  25.  We  are  in  the  process  of 
scoring  the  representative  PEC  AM- 1  stained 
sections  from  all  the  tumors.  We  have  scored 
most  of  the  30  tumors  for  the  A1  slice  and 
many  of  the  tumors  from  other  slices.  In 
addition  to  identifying  the  section  from  each  of 
the  most  metastatic  tumors  for  the  “hottest 
spot”  (below),  we  will  be  analyzing  these  data  to  see  whether  a  particular  area  of  the  tumor  has 
“hotter”  spots  of  microvessels. 

Correlation  of  hot  spots  and  degree  of  metastasis:  This  analysis  is  underway. 

Aim  2.  We  will  analyze  differential  gene  expression  in  tumor  cells  in  the  area  of  hot 
spots  by  microdissection  followed  by  differential  display  PCR  and  in  situ  hybridization. 

Microdissection:  Since  a  number  of  our  tumors  were  quite  small  and  had  few  metastases, 
but  we  had  to  section  them  to  perform  PEC  AM- 1  staining,  we  had  intervening  frozen  sections  from 
these  small  tumors  which  we  would  not  be  using  for  the  microdissection  part  of  the  project.  We 
have  utilized  these  tumor  sections  for  practice  microdissection,  RNA  purification  (below),  and 
amplification  of  cDNA  or  RNA  (below).  This  practice  will  enable  us  to  utilize  our  large,  metastatic 
tumors  to  best  advantage  when  we  finishing  analyzing  them  to  find  the  “hottest  spot”  and  thereby 
will  know  which  areas  to  microdissect. 


Planes  of 
slices 


^Skin 


Mammary] 
^/FatPad 


Muscle 


Tumor 


Figure  2.  Planes  and  names  of  slices  of  harvested 
tumors.  In  order  to  maintain  a  record  of  the 
topography  of  the  tumor,  harvested  tumors  with 
surrounding  skin  and  muscle  intact  were  sliced  prior 
to  embedding  as  shown.  Slices  were  embedded  as 
identified  (Al,  Zl,  etc.)  For  smaller  tumors,  there 
were  perhaps  only  one  or  two  “A”  slices  or  “Z”  slices. 
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In  the  interim  between  the  submission  of  this  protocol  and  the  present,  Georgetown  has 
acquired  a  laser  microdissection  apparatus.  The  fellow  on  this  project,  Dr.  Phyllis  Vezza,  went  to 
the  NIH  and  attended  a  training  session  on  laser  microdissection  which  was  organized  by  personnel 
from  the  laboratory  of  Dr.  Lance  Liotta,  where  laser  microdissection  was  developed.  Dr.  Liotta’s 
group  has  shown  that  frozen  sections  give  the  best  yield  of  high-quality  RNA  (when  compared  to 
paraffin  sections)  (11)  and  others  have  determined  that  hematoxylin  seems  to  have  deleterious  effects 
on  nucleic  acids  isolated  from  microdissected  materials  (12).  However,  the  effect  of  immunohisto- 
chemistry  procedures  on  RNA  quality  is  unknown.  Since  we  are  interested  in  microdissecting  areas 
of  tumors  from  microvessel  hot  spots  but  wish  to  avoid  harvesting  areas  containing  high  proportions 
of  mouse  cells,  we  would  like  to  be  able  to  microdissect  from  PEC  AM- 1  stained  sections 
counterstained  to  reveal  other  tissue  morphology.  We  are  in  the  process  of  determining  the  best 
methods  for  intact  RNA  recovery.  Currently,  our  procedure  consists  of  subjecting  the  frozen 
sections  to  PEC  AM- 1  immunohistochemistry  as  above,  except  that  eosin  is  substituted  for 
hematoxylin  as  a  counterstain.  The  section  is  then  dehydrated  through  graded  alcohols  and  xylenes 
as  above,  and  allowed  to  air-dry.  This  method  allows  identification  of  morphologic  features  and 
accurate  microdissection  of  an  approximately  30  pm  spot  of  tissue. 

RNA  purification:  After  comparing  various  methods  for  RNA  purification,  we  have  settled 
on  the  Qiagen  RNeasy  columns  (Qiagen,  Inc.,  Santa  Clarita,  CA).  These  columns  bind  RNA  longer 
than  200  bases.  This  eliminates  tRNAs,  and  small  ribosomal  RNAs  from  the  preparation,  as  well 
as  small  degraded  fragments.  Tissue  is  microdissected  directly  onto  a  cap  for  a  microcentrifuge  tube. 
The  cap  is  placed  on  a  tube  and  an  appropriate  volume  of  lysis  buffer  from  the  kit  is  squirted  from 
a  tuberculin  syringe  with  the  needle  inserted  through  the  bottom  of  the  tube.  The  buffer  is  aspirated 
back  into  the  syringe  and  repeatedly  squirted  against  the  cap,  insuring  that  all  the  microdissected 
tissue  is  dislodged  from  the  cap  and  sheared  through  the  25  gauge  syringe  needle.  The  sample  is 
then  applied  to  the  column  per  manufacturer’s  directions  and  RNA  eluted  in  a  volume  of  30  pi  of 
water.  Although  this  kit  preferentially  isolates  RNA,  very  small  amounts  of  DNA  contamination 
are  likely.  For  that  reason,  we  have  treated  the  isolated  RNA  with  0.1  unit/pl  RQ1  DNAse 
(Promega,  Madison,  WI)  before  using  it  for  downstream  applications  (below).  The  RNA  is  then 
precipitated  with  ethanol  and  resuspended  in  an  appropriate  volume  of  water  (usually  about  5  pi) 
before  proceeding  to  the  next  step. 

Amplification  of  cDNA  or  RNA:  Because  of  the  small  amount  of  RNA  obtained  from  the 
microdissected  tissue,  before  we  can  subject  it  to  differential  cloning  techniques  (below),  we  must 
amplify  it  somehow  so  it  can  be  ligated  into  a  cloning  vector.  Synthesis  of  cDNA  from  the  isolated 
messenger  RNA  (which  is  about  5%  of  the  total  RNA)  is  followed  by  amplification  procedures. 
There  are  two  possibilities  for  amplification.  The  first  involves  synthesis  of  cDNA  with 
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manufactured  sequences  on  each  end  followed 
by  PCR  amplification  of  the  resultant  cDNA 
using  PCR  primers  to  the  manufactured 
sequences.  The  resultant  amplified  cDNA  can 
be  ligated  into  a  cloning  vector.  This  method 
will  be  referred  to  as  the  Clontech  method 
because  we  have  utilized  the  SMART  PCR 
cDNA  synthesis  kit  (Clontech,  Palo  Alto,  CA) 
to  accomplish  it.  The  second  involves 
synthesis  of  cDNA  with  a  T7  RNA  polymerase 
promoter  sequence  at  the  poly-dT  end  and  a 
manufactured  sequence  at  the  other  end. 

Amplified  RNA  (aRNA)  is  then  synthesized 
using  T7  RNA  polymerase.  This  amplified 
RNA  can  then  be  used  for  second  round  cDNA 
synthesis  using  the  manufactured  sequence  and 
the  T7  promoter  sequence  as  primers.  ARNA 
can  again  be  synthesized  in  still  greater 
quantities,  which  can  be  used  for  a  third  round 
of  cDNA  synthesis,  as  before,  which  can  be 
ligated  into  a  cloning  vector.  This  method  will 
be  referred  to  as  the  aRNA  method  (13-15). 

There  are  two  concerns  for  any  method 
of  amplification.  The  first  is  fidelity,  in  that  the 
amplification  must  preserve  relative 
abundances  of  particular  transcripts  in  the 
original  mRNA  population.  The  second 
concern  is  yield,  in  that  each  step  of  purification 
or  ligation  has  losses,  so  that  a  method  with  numerous  steps  or  steps  which  have  high  losses  will 
produce  a  library  which  does  not  contain  adequate  numbers  of  individual  cDNA  species  and  thus 
will  not  be  representative  of  the  original  population.  Each  of  the  methods  as  outlined  above  has  its 
particular  problems;  the  Clontech  method’s  problems  are  mainly  fidelity  ones  and  the  aRNA 
method’s  problems  are  mainly  yield  ones.  However,  since  we  are  starting  with  very  small  amounts 
of  RNA,  yield  is  a  problem  with  either  method. 

Although  we  have  not  made  a  firm  decision  about  which  method  to  use,  we  are  leaning 


Figure  3.  PCR  of  GAPDH  transcript  from  cDNA 
synthesized  from  aRNA  produced  from 
microdissected  tissue.  Lanes  are  as  labeled.  In  lanes 
2  and  3,  clone  18  total  RNA  (0. 1  pg)  was  used  as  a 
positive  control  for  RT-PCR  utilizing  GAPDH  (Lane 
2)  or  KGFR  (Lane  3)  primers.  The  test  cDNA  was  the 
template  for  PCR  reactions  for  GAPDH  and  KGFR  in 
lanes  4  and  5.  Lanes  6  and  7  contain  identical 
reactions  to  those  of  Lanes  4  and  5  but  contain  no 
template. 
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toward  the  aRNA  method.  This  is  because  the  amplification  achieved  by  synthesizing  RNA  from 
the  T7  promoter  is  arithmetic  as  opposed  to  the  exponential  amplification  of  PCR  in  the  Clontech 
method.  We  are  concerned  that  PCR  amplification,  even  using  the  same  primers  for  all  cDNA 
species,  will  amplify  certain  species  preferentially,  skewing  the  abundance  of  particular  species  in 
the  final  product.  Since  we  wish  to  compare  transcript  abundances  in  different  RNA  populations  in 
our  cloning  method,  it  is  essential  that  we  preserve  the  relative  abundances  of  particular  species  as 
represented  in  the  population.  We  are  using  both  the  Clontech  and  aRNA  techniques  in  connection 
with  another  project  in  the  laboratory,  which  also  starts  out  with  small  amounts  of  RNA.  Our 
experience  in  this  other  project  will  enable  us  to  make  an  intelligent  choice  concerning  these 
methods. 

Utilizing  the  aRNA  method,  we  have  been  able  to  make  third-round  cDNA  and  detect  the 
cDNA  for  human  glyceraldehyde  3 -phosphate  dehydrogenase  (GAPDH).  Briefly,  RNA  from 
microdissected  tissue  purified  with  the  RNeasy  method  was  reverse  transcribed  with  Superscript  II 
(Life  Technologies,  Gaithersburg,  MD)  using  a  poly-dT-T7  primer  as  described  (13).  The  3'  end  of 
the  first  strand  was  tagged  with  a  manufactured  sequence  through  the  technique  of  template 
switching  (16).  Second  strand  cDNA  synthesis  was  performed  utilizing  a  primer  to  the  manu¬ 
factured  sequence  and  a  combination  of  Klenow  fragment  and  T4  DNA  polymerase.  The  resulting 
double-stranded  cDNA  was  polished  and  utilized  as  template  for  aRNA  synthesis  by  T7  RNA 
polymerase  (13).  Second  round  cDNA  synthesis  was  performed  utilizing  the  aRNA  as  template  and 
a  primer  to  the  manufactured  sequence  for  the  first  strand  and  the  poly-dT-T7  primer  for  the  second 
strand.  Second  round  aRNA  was  transcribed  from  this  second  round  cDNA  as  from  the  first  round 
cDNA.  Third  round  cDNA  synthesis  was  accomplished  in  the  same  way  as  the  second  round  using 
the  second  round  aRNA  as  template.  The  cDNA  resulting  from  this  synthesis  was  used  in  a  PCR 
reaction  with  primers  for  human  GAPDH  (Figure  3,  lane  4).  We  were  not  able  to  detect  the  much 
less  abundant  transcript  for  the  human  keratinocyte  growth  factor  receptor  (KGFR)  at  this  level  of 
amplification  (positive  control  is  in  lane  3  of  Figure  3,  experimental  sample  without  a  KGFR  band 
is  lane  5). 

Detection  of  differential  gene  expression:  As  mentioned,  we  are  currently  involved  in 
another  project  in  the  laboratory  which  involves  detection  of  differential  gene  expression  in  8  RNA 
populations.  This  project  will  have  approximately  15  RNA  populations  to  compare  (microdissected 
spots  from  areas  of  high  micro  vessel  density  from  the  5  most  metastatic  tumors  to  be  compared  with 
microdissected  spots  from  two  other  areas  of  each  tumor  not  involved  with  microvessel  hot  spots). 
Because  of  the  high  likelihood  of  false  positive  results  with  differential  display  PCR  and  the  labor- 
intensive  necessity  of  screening  all  candidate  fragments  to  confirm  their  differential  gene  expression, 
we  have  been  investigating  alternative  ways  of  screening  for  differentially  expressed  genes.  We 
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have  identified  a  technique  known  as  amplified  fragment-length  polymorphism  (AFLP)  which  was 
first  used  to  detect  DNA  polymorphisms,  but  can  be  used  on  cDNA  to  show  differences  in  gene 
expression.  This  method  makes  use  of  manufactured  sequences  on  the  ends  of  the  cDNA  which 
serve  as  the  basis  for  PCR  primers  which  are  degenerate  in  only  the  3'  two  bases,  making  the  PCR 
reaction  much  cleaner  and  more  specific  than  that  of  differential  display  PCR,  which  uses  random 
decamers  as  primers.  We  plan  to  use  this  technique  on  this  project  also.  The  particulars  of  this 
method  will  be  included  in  next  year’s  report. 
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Conclusion 


Scientific  conclusions  to  date: 

1 .  Confirming  previous  results,  degree  of  pulmonary  micrometastasis  in  the  present  study  is 
tightly  correlated  with  tumor  size. 

2.  We  have  developed  a  method  of  immunostaining  followed  by  microdissection,  RNA  puri¬ 
fication,  amplification  of  mRNA,  and  cDNA  synthesis  which  produces  quantities  of  cDNA 
sufficient  for  PCR  of  a  GAPDH  fragment.  Refinements  to  this  protocol  will  enable  us  to 
obtain  sufficient  cDNA  from  microdissected  samples  to  perform  analyses  of  differential  gene 
expression. 

Discussion:  This  research  is  by  definition  risky.  It  is  possible  that  we  will  go  through  the  whole 
procedure  and  obtain  completely  negative  results.  The  degree  of  metastasis  may  not  correlate  with 
microvessel  density  at  areas  of  microvessel  “hot  spots”.  There  may  not  be  differences  in  gene 
expression  which  are  unique  to  areas  of  tumor  adjacent  to  microvessel  hot  spots.  However,  the 
techniques  we  are  developing  are  extremely  powerful  ones.  We  are  currently  exploring  ways  of 
examining  gene  expression  in  single  endothelial  cells  in  human  tumors.  The  techniques  of 
microdissection,  RNA  purification,  etc.,  which  we  are  developing  in  connection  with  this  project  will 
help  us  with  that  one.  Therefore,  even  if  the  scientific  conclusions  in  this  project  are  negative,  the 
methodologic  advances  will  be  considerable,  and  may  pave  the  way  for  increased  knowledge  of  the 
process  of  angiogenesis  in  human  breast  cancer. 


14 


McLeskey,  Sandra  W. 

DAMD17-94-J4173 

References 

1.  Weidner,  N.  Current  pathologic  methods  for  measuring  intratumoral  microvessel  density 
within  breast  carcinoma  and  other  solid  tumors.  Breast  Cancer  Res.  Treat.  36: 169-1 80, 1995. 

2.  Fidler,  I.J.  The  biology  of  human  cancer  metastasis.  Acta  Oncol.  30:  669-675, 1991 . 

3.  McLeskey,  S.W.,  Kurebayashi,  J.,  Honig,  S.F.,  Zwiebel,  J.,  Lippman,  M.E.,  Dickson,  R.B., 
and  Kern,  F.G.  Fibroblast  growth  factor  4  transfection  of  MCF-7  cells  produces  cell  lines 
that  are  tumorigenic  and  metastatic  in  ovariectomized  or  tamoxifen-treated  athymic  nude 
mice.  Cancer  Res.  53: 2168-2177,  1993. 

4.  Kurebayashi,  J.,  McLeskey,  S.W.,  Johnson,  M.D.,  Lippman,  M.E.,  Dickson,  R.B.,  and  Kem, 
F.G.  Quantitative  demonstration  of  spontaneous  metastasis  by  MCF-7  human  breast  cancer 
cells  cotransfected  with  fibroblast  growth  factor  4  and  LacZ.  Cancer  Res.  53:  2178-2187, 
1993. 

5.  Zhang,  L.,  Kharbanda,  S.,  Chen,  D.,  Bullocks,  J.,  Miller,  D.L.,  Ding,  I.Y.F.,  Hanfelt,  J., 
McLeskey,  S.W.,  and  Kem,  F.G.  MCF-7  breast  carcinoma  cells  overexpressing  FGF-1  form 
vascularized  metastatic  tumors  in  ovariectomized  or  tamoxifen-treated  nude  mice.  Oncogene, 
15:  2093-2108, 1997. 

6.  McLeskey,  S.W.,  Zhang,  L.,  Trock,  B.J.,  Kharbanda,  S.,  Liu,  Y.,  Gottardis,  M.M.,  Lippman, 
M.E.,  and  Kem,  F.G.  Effects  of  AGM-1470  and  pentosan  polysulphate  on  tumorigenicity 
and  metastasis  of  FGF -transfected  MCF-7  cells.  Br.  J.  Cancer,  73:  1053-1062, 1996. 

7.  McLeskey,  S.W.,  Zhang,  L.,  El-Ashry,  D.,  Trock,  B.J.,  Lopez,  C.A.,  Kharbanda,  S.,  Tobias, 
C.A.,  Lorant,  L.A.,  Hannum,  R.S.,  Dickson,  R.B.,  and  Kem,  F.G.  Tamoxifen-resistant 
fibroblast  growth  factor-transfected  MCF-7  cells  are  cross-resistant  in  vivo  to  the 
antiestrogen,  ICI  182,780,  and  two  aromatase  inhibitors.  Clin.  Cancer  Res.  4: 697-711, 1998. 

8.  Vecchi,  A.,  Garlanda,  C.,  Lampugnani,  M.G.,  Resnati,  M.,  Matteucci,  C.,  Stoppacciaro,  A., 
Schnurch,  H.,  Risau,  W.,  Ruco,  L.,  Mantovani,  A.,  and  Dejana,  E.  Monoclonal  antibodies 
specific  for  endothelial  cells  of  mouse  blood  vessels.  Their  application  in  the  identification 
of  adult  and  embryonic  endothelium.  Eur.  J.  Cell  Biol.  63:  247-254,  1994. 

9.  McLeskey,  S.W.,  Tobias,  C.A.,  Vezza,  P.R.,  Filie,  A.C.,  Kem,  F.G.,  and  Hanfelt,  J.  Tumor 


15 


McLeskey,  Sandra  W. 
DAMD17-94-J4173 


growth  of  FGF  or  VEGF  transfected  MCF-7  breast  carcinoma  cells  correlates  with  density 
of  specific  microvessels  independent  of  the  transfected  angiogenic  factor.  Am.  J.  Pathol. 
1998. 

10.  Fox,  S.B.,  Leek,  R.D.,  Weekes,  M.P.,  Whitehouse,  R.M.,  Gatter,  K.C.,  and  Harris,  A.L. 
Quantitation  and  prognostic  value  of  breast  cancer  angiogenesis:  Comparison  of  microvessel 
density,  Chalkley  count,  and  computer  image  analysis.  J.  Pathol.  777:  275-283,  1995. 

1 1 .  Emmert-Buck,  M.R.,  Bonner,  R.F.,  Smith,  P.D.,  Chuaqui,  R.F.,  Zhuang,  Z.,  Goldstein,  S.R., 
Weiss,  R.A.,  and  Liotta,  L.A.  Laser  capture  microdissection.  Science,  27 4:  998-1001,  1996. 

12.  Burton,  M.P.,  Schneider,  B.G.,  Brown,  R.,  Escamilla-Ponce,  N.,  and  Gulley,  M.L. 
Comparison  of  histologic  stains  for  use  in  PCR  analysis  of  microdissected, 
paraffin-embedded  tissues.  Biotechniques,  24:  86-91, 1998. 

13.  Eberwine,  J.,  Yeh,  H.,  Miyashiro,  K.,  Cao,  Y.,  Nair,  S.,  Finnell,  R.,  Zettle,  M.,  and  Coleman, 
P.  Analysis  of  gene  expression  in  single  live  neurons.  Proc.  Natl.  Acad.  Sci.  U.  S.  A.  89: 
3010-3014, 1992. 

14.  Eberwine,  J.,  Crino,  P.,  and  Dichter,  M.  Single  cell  mRNA  amplification:  Basic  science  and 
clinical  implications.  Neuroscientist,  1:  200-211, 1995. 

1 5 .  Eberwine,  J.  Amplification  of  mRNA  populations  using  aRNA  generated  from  immobilized 
oligo-dT-T7  primed  cDNA.  Biotechniques,  20:  584-586, 1996. 

16.  Sambrook,  J.,  Fritsch,  E.F.,  and  Maniatis,  T.  Molecular  cloning:  a  laboratory  manual.  Cold 
Spring  Harbor  Laboratory  Press,  1989. 


16 


McLeskey,  Sandra  W. 
DAMD 1 7-94- J4 173 


APPENDIX 


17 


ABC 

AFLP 

a.k.a. 

BrdU 

cDNA 

Clone  18 

DNA 

FGF 

FGF-1 

FGF-4 

GAPDH 

KGFR 

lacZ 

MCF-7 

ML-20 

MMVD 

PCR 

PEC  AM- 1 

PBS 

RNA 

RT-PCR 

T4 

T7 

X-gal 


McLeskey,  Sandra  W. 

D  AMD  1 7-94- J4 1 73 

LIST  OF  ABBREVIATIONS  AND  ACRONYMS 

Avidin-biotin  complex  reagent 
Amplified  fragment-length  polymorphisms 
Also  known  as 

Bromodeoxyuridine,  a  thymidine  analog 
Copy  DNA 

A  clonal  cell  line  of  ML-20  cells  (below)  transfected  with  FGF-1 
Deoxyribosenucleic  acid 
Fibroblast  growth  factor 
Fibroblast  growth  factor  1,  a.k.a.  acidic  FGF 
Fibroblast  growth  factor  4,  a.k.a.  Kaposi  FGF,  hst-1 
Glyceraldehyde  3 -phosphate  dehydrogenase 
Keratinocyte  growth  factor  receptor 
A  bacterial  gene  encoding  P-galactosidase 
An  estrogen  receptor  positive  breast  carcinoma  cell  line 
A  clonal  cell  line  of  MCF-7  cells  transfected  with  lacZ 
Microvessel  density 
Polymerase  chain  reaction 
Platelet-endothelial  cell  adhesion  molecule  1 
Phosphate  buffered  saline 
Ribosenucleic  acid 

Reverse  transcription  followed  by  the  polymerase  chain  reaction 
Bacteriophage  T4 
Bacteriophage  T7 

5-bromo-4-chloro-3-indoyl-P-galactoside 
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